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and	 heat-related	mortality	was	 found	 due	 to	 the	 variability	 of	 architecture,	 context	 and	weather.	
Variability	 from	the	architecture	and	shading	context	were	 found	 to	be	a	greater	 influence	on	 the	
spatial	 variation	 in	 overheating	 than	 climate	 variability.	 Overheating	 risk	 was	 found	 to	 increase	
significantly	with	heat-related	mortality	tripling	by	the	2050s.	The	method	was	validated	against	data	
collected	during	the	northern	hemisphere	2006	hot	summer.	The	maps	produced	would	be	a	highly	









increases	 the	 risk	 of	 overheating	 in	 non-air-conditioned	 buildings;	 a	 risk	 which	 might	 be	 further	
exasperated	by	fabric	improvements	[3].	In	August	2003,	14,729	excess	deaths	occurred	in	France	[4]	
and	 2,139	 in	 England	 and	Wales,	 due	 to	 a	 severe	heat	wave,	 primarily	 in	 large	urban	 centres	 [5].	
Interestingly,	it	was	found	that	the	top	floor	presented	a	higher	risk	of	heat-related	mortality,	and	lack	














There	 have	 been	 several	 general	 different	 assessments	 of	 future	 overheating	 risk,	 using	 dynamic	
thermal	models	of	buildings	and	future	weather	files,	and	all	show	that	overheating	risk	is	on	the	rise.	
[8-21].	Appropriate	weather	files	are	the	prerequisites	for	any	reliable	thermal	simulation.	These	take	









It	 is	well	 known	 that	 the	presence	and	 form	of	 surrounding	buildings	can	have	a	major	 impact	on	
overheating	 risk	 due	 to	mutual	 shading	 and	 radiative	 exchange	 [24].	 The	materials	 used	 and	 the	
architectural	form	will	also	have	a	considerable	impact,	particularly	the	thermal	mass	and	the	glazing	
ratio.	Hence	 an	 accurate	 assessment	would	 require	 building	 information	 about	 a	 large	 number	 of	
buildings	 across	 the	 study	 area.	 It	 is	 however,	 not	 easy	 to	 find	 sufficient	 building	 information	
containing	all	the	necessary	variables	required	for	thermal	modelling	at	a	large	scale.	Examples	such	




studies	 that	model	a	 large	number	of	 real	existing	buildings	 individually;	 instead	 representative	or	
archetype	models	of	dwelling	 types	have	been	used	with	 little	 to	no	 concern	of,	 for	example,	 the	
surrounding	obstructions	or	how	built	form,	or	density,	changes	across	a	region	or	country	[9,	19,	21,	
28,	30,	31].		
This	 study	 focuses	 on	 current	 and	 future	 spatial	 variation	 in	 overheating	 risk	 and	 heat-related	
mortality	 across	 a	 landscape.	 A	 new	 method	 is	 developed	 and	 then	 applied	 to	 a	 representative	




study	 by	 modelling	 a	 large	 number	 of	 randomly	 selected	 real	 dwellings	 sitting	 in	 their	 real	
surroundings	and	the	use	of	probabilistic	Hot	Summer	Years	(pHSYs)	[32]	at	a	resolution	of	5km.	In	





































one	with	 the	hottest	 summer	was	selected	 from	the	30-year	period.	 In	 total,	100	hottest	 summer	















































	 S = 𝑋% ∙ 𝑛 ∙ 𝑝 ∙ (1 − 𝑝)𝑀𝐸% ∙ (𝑛 − 1) + 𝑋% ∙ 𝑝 ∙ (1 − 𝑝)	 (1)	
where	𝑋%	is	found	in	a	chi-square	table	for	1	degree	of	freedom	with	a	given	confidence	level,	𝑛	is	the	








Grid	numbers	 1	 2	 3	 4	 5	 6	 7	 8	 9	 10	 11	 12	 13	 14	 15	 16	 17	 In	total	
Sample	size	 4	 2	 10	 7	 68	 68	 68	 68	 68	 68	 68	 68	 68	 68	 68	 68	 68	 907	
Detached	(%)	 1	 1	 2	 1	 13	 11	 10	 9	 4	 8	 7	 3	 2	 3	 9	 12	 4	 100	
Semi-detached	(%)	 0	 0	 1	 0	 6	 9	 7	 8	 5	 8	 6	 9	 7	 9	 7	 8	 11	 100	
Terraced	(%)	 0	 0	 1	 0	 1	 3	 10	 7	 18	 8	 8	 7	 13	 10	 5	 4	 6	 100	
Flat	(%)	 0	 0	 0	 0	 10	 2	 0	 7	 14	 5	 5	 20	 17	 8	 3	 5	 3	 100	













were	 insulated	 while	 only	 9%	 of	 the	 solid	 walls	 were	 insulated	 [54].	 The	 three	 predominant	
constructions	used	in	the	thermal	modelling	were:	(1)	solid	walls	with	single	glazing	and	wooden	frame	
windows,	 (2)	 uninsulated	 cavity	 walls	 with	 single	 glazing	 and	 wooden	 frame	 windows,	 and	 (3)	


























	 𝑀 = 𝐷=>993?7@@5A7>=3 	 ∙ 	 (𝑅𝑅 − 1)	 (2)	
with	
	 𝐷=>993?7@@5A7>=3 = 𝑑365 ∙ 𝐷837?7@@5A7>=3 	 (3)	
and	
	 𝑅𝑅 = 𝛼 ∙ 𝑇%56789372 + 𝛽,	 (4)	
where	𝐷=>993?7@@5A7>=3 	is	the	deaths	over	the	summer	from	all	causes,	𝐷837?7@@5A7>=3 	the	deaths	in	one	year	
from	all	causes,	and	𝑑	is	 the	number	of	days	when	the	𝑇%56789372 	is	above	the	threshold	 temperature	
identified	 for	 heat-related	mortality.	𝑅𝑅	is	 the	 relative	 risk,	 a	 linear	 relationship	between	external	
temperature	 and	 mortality;	𝛼 	is	 the	 heat-mortality	 slope	 in	 %	 per	 degree	 above	 the	 mortality	
threshold	temperature.	The	external	mortality	threshold	temperature	for	Sheffield	has	been	shown	
to	be	22.2°C	with	𝛼	equal	to	1.7%	[61].	𝛽	can	be	calculated	when	𝑅𝑅	equals	1	and	𝑇%56789372 	is	equal	to	
the	mortality	 threshold	 temperature.	 For	 this	 paper,	 which	 considers	 the	 spatial	 overheating	 risk	






internal	mortality	 threshold	 temperature	was	 identified	 for	each	of	 the	907	dwellings	 (using	 living	
room	 temperatures	 for	 daytime	 and	 bedroom	 temperatures	 for	 night-time)	 and	 the	 average	was	
taken	to	produce	a	citywide	internal	mortality	threshold.	In	this	way	100	citywide	mortality	thresholds	




































































are	more	 at	 risk	 of	 overheating	 than	work	 based	 on	 archetypes.	 It	 accounts	 for	 example	 for	 the	







risk	 was	 lower	 in	 the	 living	 rooms	 compared	 to	 the	 bedrooms.	 Table	 2	 shows	 the	 percentage	 of	




















2020s	 Living	room	 18.4%	 31.0%	 18.1%	 44.1%	 33.7%	
	 Bedroom	 0.0%	 7.5%	 44.6%	 1.7%	 8.1%	
2050s	 Living	room	 45.9%	 69.8%	 50.8%	 88.1%	 70.9%	











There	 is	 a	 significant	 difference	 in	 the	 risk	 and	 severity	 of	 overheating	 between	 grid	 squares	 and	
between	 the	 eastern	 and	western	 regions.	 This	 can	 be	 attributed	 not	 only	 to	 the	 higher	 external	
temperatures	on	the	east	side	of	the	city	but	also	the	increased	number	of	dwellings.	On	the	west	side	














We	 have	 seen	 that	 the	 risk	 and	 severity	 of	 overheating	 varies	 with	 both	 location	 and	
architecture/context.	This	section	examines	which	has	the	greater	impact.		
Within	each	pane,	variability	in	𝑇937212 ,	𝑇97412 ,	hours	of	overheating	and	WCDH	are	shown	in	Figure	8	

















As	 shown	 in	Figure	8	and	Figure	9,	 the	 interquartile	 ranges	 (IQR)	of	𝑇937212 and	𝑇97412 	(left-hand	box	




the	 main	 bedrooms.	 In	 addition,	 the	 inter-dwelling	 type	 plots	 have	 a	 significantly	 greater	 range,	
highlighting	the	importance	of	the	local	setting	on	both	overheating	risk	and	severity.	Such	variability	
























As	stated	 in	the	methodology,	 the	mortality	𝑀	is	determined	from	the	 linear	relationship	between	
relative	risk	and	the	internal	2-day	mean	temperature	(𝑇%56789372 )	above	a	citywide	mortality	threshold	
temperature.	From	the	latest	population	and	𝐷837?7@@5A7>=3 	data	available	at	the	MSOA	(ward)	level	[62],		




2020s.	 Therefore,	 two	 maps	 have	 been	 produced	 for	 the	 2050s,	 one	 where	 the	 2020s	 mortality	





































for	 London.	 By	 applying	 the	 approach	 to	 a	 medium	 sized	 mid-latitude	 city	 and	 its	 surrounding	









Examination	 of	 temperatures	 across	 the	 city	 show	 a	 strong	 correlation	 between	 external	
temperatures	 and	 topography.	While,	 variation	 in	𝑇937212 	and	𝑇97412 	across	 the	 city	 is	more	 strongly	
correlated	with	the	type	of	dwelling.	In	all	cases	the	inter-dwelling	type	variability	in	overheating	for	
all	overheating	metrics	considered	is	greater	than	the	variability	due	to	weather.	This	implies	that	the	














allow	 the	 identification	 of	 priority	 areas	 for	 adaptation	 of	 buildings,	 and	 priority	 populations,	 and	
thereby	inform	decision	making	about	action	plans.		
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